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ABSTRACT 

Solar collector with a board -level collects sunlight and transmits energy received to the fluid which passes in 

turn through a tube or channel, which is complete with plate absorber, which has physical properties 

characterized by a high ability to absorb solar radiation while emitting few components so-on surface absorber, 

qualitatively board metalloproteinase normally copper, aluminum alloy, steel with copper pipes have thermal 

contact with the panels. In this study, we used a basic design of a solar collector with a board level to create an 

effective thermal device for the proper use of sunlight under various conditions, such as different climatic 

conditions and different material panels. For each type of the above cases, was calculated temperature of the 

fluid, immediate efficiency and angular rate factor. This research used a comparison to see whether a solar 

collector with a board-level and between electric convectors was economically viable. 
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INTRODUCTION 

Solar collectors are used to convert energy from the sun's rays into thermal energy. A thermal-solar installation 

will not be complete without a solar collector. The absorption surface heating caused by solar radiation (direct 

or diffuse) is the basis for the flat plate collector's operation [1]. Flat solar collectors of various types are 

currently being commonly used in the solar energy sector. Specialists first identify some required parameters 

and factors for the use of solar collectors. The natural solar energy potential is measured, stored, and mapped in 

order to improve current energy equipment. The climatic conditions under which the equipment can be used 

should also be considered when building the flat solar collector.  Flat Plate Collectors are a form of solar 

collector that uses a flat plate to collect sunlight. Among the several solar collector concepts currently being 

developed, the relatively simple flat plate solar collector has noticed the most widespread utilization so far. Its 

characteristics have been identified, and they have been compared to those of other collector forms. Fabrication, 

installation, and maintenance are the most straightforward and cost-effective. It also has the ability to use both 

diffuse and direct beam solar radiation [2]. Flat plate collectors can domestic hot water, heat swimming pools, 

and buildings to high enough temperatures for residential and commercial use. Particularly if a reflector is used 

to increase the amount of incident sunlight. Temperatures of 40 to 70 degrees Celsius are easily achieved with 

flat plate collectors. Higher operating temperatures are possible with careful engineering and the use of special 

surfaces, reflectors to improve incident radiation, and heat-resistant materials.  Figure 1 illustrates the major 

components of a flat plate solar collector [3]. 
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Figure 1. Components of solar collector type Flat plate [3]. 

In schematic form, Figure 2 depicts the heat flow through a solar collector [4]. The degradation of “spectrally 

selective” absorber coatings used in solar collectors is accelerated by thermal loading. Heat transfer fluids in 

solar systems are depleted as a result of this. High stagnation temperatures can also cause excessive pressures in 

the collector loop and scalding temperatures in the hot water storage. In climates where freezing temperatures 

are a probability for most of the year, the issue is compounded. To transfer heat from collectors to a load, Anti-

freeze solutions are commonly utilized in solar systems built for these climates. Propylene-glycol/water 

mixtures are the most popular anti-freeze fluids utilized in solar collector systems. Nevertheless, at high 

temperatures, such as those above 120°C, they will degrade. The heat transfer fluid can become corrosive under 

these conditions, resulting in accelerated fouling and corrosion of solar system components [5,6]. 

 

Figure 2. The flow of heat through a solar collector with a flat plate [4]

The collector's back and edge heat losses are another source of heat loss, with energy loss through the collector's 

back due to conduction through the back insulation, as well as convection and radiation heat transfer from the 

collector to the environment. Since convection and radiation heat transfer have much lower thermal resistance 

than conduction, the insulation is responsible for all of the thermal resistance from the back [7]. The collector's 

peak temperature should be lower than the melting point of the materials it is made of to ensure that it can 

withstand high thermal loads. The maximum temperatures that the covers and absorber plate can reach after 

being removed from the collector are known as stagnation temperatures. They occur when the collector is 

switched off, stopping the working fluid from flowing. In this case, the collector's beneficial gain is zero [8]. 

When no liquid flows through the solar collector, it can attain temperatures of higher than 200°C, so all of the 

materials used must be able to withstand this heat. Metals such as copper, steel, and aluminum are commonly 

used in the absorber. The housing of heat collector could be made of wood, metal, or plastic, and it would have a 

sealed glass front cover to keep dirt, insects, and humidity out while holding the heat in. The absorber layer, 
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which covers the collector's entire aperture area, must achieve three objectives: absorb as many of the sun's rays 

as possible, transfer heat to the working fluid with the smallest temperature difference possible, and lose as little 

heat to the atmosphere as possible.  

Any heat absorbed by the absorber surface is re-radiated into the air when the absorber surface temperature is 

higher than the temperature of ambient. The value of the surface of low-temperature, long-wavelength radiation 

defines this loss mechanism. Various coatings that improve the sunlight absorption (short wavelength radiation) 

often help the surface lose long wavelength radiation. Short-wavelength solar irradiance is well absorbed by an 

absorbent surface with a strong coating, but long-wavelength radiant radiation is poorly emitted. To minimize 

convective heat loss, the absorber is typically filled with one or more transparent cover sheets. Since heat is 

transferred from the absorber to the cover sheet by the convective current between the absorbing material and 

the cover sheet, convective loss is not completely eliminated. As the cover layer cools, external convection 

causes a net heat loss from the absorber [9]. There is a new way to increase the performance and decrease the 

energy consumption by using solar energy in conjugate with A/C system in countries of high temperature 

ambient. With this new way, many experimental and theoretical investigations have been done to achieve the 

maximum power reduction in A/C and refrigeration systems. Comfortable environment in hot places like Iraq 

required systems like air conditioning. Experimental and numerical investigations was performed to study the 

efficiency of electrical and mechanical systems of air conditioners. It was found that utilizing solar air 

conditioners decreases the COPU, COP, condenser capacity, and cooling capacity [10-16]. 

THEORETICAL HISTORY 

The available heat provided by a solar collector equals the impact energy in the metal surface less direct and 

indirect heat transfer from the surface to the atmosphere under constant conditions. The following is a summary 

of this theory: 

                                                                                          (1) 

                                                              (2) 

Where Qu   is the energy that is delivered in a useful manner by 

The collector area is [m2], and the collector area is [watts] or [cal hr-1]. [kcal hr-1 m-2] or [W m-2] are the units 

of measurement for solar thermal energy stored on the upper surface of a sloping solar collector. The rate of 

diffuse radiation or incident beam on a unit field on any orientation surface is denoted by H. R is the element 

that converts diffuse or beam radiation into collector plane radiation. The proportion of reaching solar radiation 

that arrives at the surface absorbing is known as transmissivity (dimensionless). It is the amount of solar energy 

consumed as it hits the earth's surface. 

                                                                                                                                      (3) 

                                                                                                       (4) 

For both beam and diffuse radiation, a cover device absorption product is available. The letter UL stands for 

total heat loss coefficient. The average temperature of the absorber's upper surface in degrees Celsius is tap, and 

the ambient temperature is ta. Depending on the solar collector configuration, solar energy, operating 

conditions, and ambient temperature, the variables in eq. 1 change. The energy balance equation for the entire 

collector is as follows: 
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Qu is the rate of useful heat transfer to a working fluid in a solar heat exchanger. Ql is the rate at which energy 

is lost from the collector to the atmosphere. Qe is the rate at which energy is stored in the collector. The 

collector efficiency, abbreviated as rc, is the ratio of useful gain to incident solar energy over time. 

The second order differential equation expression 4 has two boundary conditions: 

The equation .4 becomes 

                                                                                                                                            (5) 

The general solution is: 

                                                                            (6) 

The constants C1 and C2 Boundary conditions are found by substituting them. Eq. 6 is rewritten as: 

                                         (7) 

In the flow direction, Per unit volume, the energy conducted to the tube region is: 

                                  (8) 

Eq.8 accounts for the electricity produced on just one side of a conduit. The energy obtained above the tube 

region is included in the collector's useful gain. The benefit in energy for the area is 

                                                                      (9) 

As a result, the gain of solar energy in the flow direction of the collector tubes can be represented as: 

                                                                                  (10) 

The fluid must ultimately be transformed into the useful value from eq. 8. The resistance of the tube's wall 

thickness to heat transfer from the plant to the tube. As a result 

                                                                          (11) 

Where Cb is the bond's conductance. Cw is the tube wall conductance, and hfi is the local film coefficient of heat 

transfer. The experimental measurement of bond conductance is obtained as follows: 

                                                                                                                           (12) 

Bond conductivity is denoted by Kb, bond length by b, and average bond thickness by y. The available energy 

benefit of a fluid can be calculated using known quantities, the local fluid temperature and physical parameters 

by solving eq.11 for Tb and substituting to gets qu from equation 10. 



 Implementation of flat plate solar collector design of different design conditionss 

 

13 

 

                                                        (13) 

Where;  

                                 (14) 

                                                  (15) 

The energy balance of the fluid passing into a pipe exposure to a steady state heat flux qu for temperature 

distribution can be considered in the flow direction, so that: 

After driving through y and having the limit y closed to 0, we get by substituting in eq.15. 

                                               (16)  

If F1 and UL are constant (and independent of y), the differential equation for temperature at any point 

(assuming inlet fluid temperature is Tfi ) is: 

Substitute L for y in the eq. 17. yields the outlet fluid temperature Tf° if the length of the collector is represented 

by L in the direction of flow. 

                                                            (17) 

                                                  (18) 

Where:  Ac = WL, the area of collector. The useful total energy collection rate Qu may be expressed as: 

                                                                                                  (19) 

Substitute for Tf° derived, provides: 

                                                                              (20) 

                                                                                   (21) 

The heat removal factor of the collector is known as FR [9]. 
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DESIGN AND MODELING 

The tables below show the steps that must be taken into account when designing a flat plate solar solar collector 

with the EES software. 

Table 1. Conditions of the test 

 
Curves of efficiency dependent on temperature differences: Tav - Ta 

Table 2. Collector dimensions 

 

W= Width, L = Length,  t = Thickness (m),   Lp = Length of absorber, Wp = absorber Width. 

Table 3. Glass cover properties  

Cover properties 2 Cover properties 1  

Long- wave Solar 

Spectrum 

Long- wave Solar 

Spectrum 

Cover 

number 

c,IRτ cε c,sτ N c,IRτ cε c,sτ n  

0 0.8 0.8 1.5 0 0.8 0.8 1.5 2 

dc1,c2 = Cover 1- cover 2 spacing of air = 0.05 [cm], dcp = Cover- plate spacing of air = 0.18 [mm]. 

Table 4. Plate’s material properties  

εpl dn tp 

[cm] 

Kpl  

[w m-1.K-1] 

Plate Material   

0.15 0.88 0.002 177 Al – alloy 2024 T6 

0.15 0.88 0.02 380 Cu 

0.15 0.88 0.02 60.5 Plain carbon steel 

Kpl = user defined conductivity, tp = Thickness, dn = Absorptance, 

 εpl = Emittance. 
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Table 5. Number and dimensions of tube 

 

Nt = Tubes Number, d° = Outer diameter, di = Inner diameter 

Table 6. Properties of fluid  

 

Kb = Plate tube bond conductance, Pin = Inlet pressure, V˙ = Volumetric flow rate   

Table 7. Insulation along the edges and on the back 

 

RESULTS AND DISCUSSION 

Different types of plate materials and exposure to varying temperatures have significant effects on the 

instantaneous performance of solar collectors. Figure 3 shows the instantaneous performance of a collector with 

a copper flat plate exposed to 30°C. It begins at 0.6 and decreases with increasing T/GT until it reaches a 

minimum value of 0.35. There has been a small match of instantaneous efficiency between experimental and 

design. Figure 6 shows a solar collector with an aluminum alloy plate and exposure to the same temperature. 

The instantaneous performance of design and experimental is slightly different. The collector with plate 

constructed from carbon steel and the similarly temperature has an instantaneous efficiency of 0.512 in this case. 

Whereas the solar air collector with carbon steel plate and exposure to the same temperature has an instant 

performance of 0.575. In this sense, as shown in fig. 9, between design and experimental, there is a major 

difference in instantaneous performance. In comparison, A certain behavior of instantaneous efficiency was 

observed between model and experimental solar collectors with carbon steel plate, aluminum alloy, copper and 

reached to 40 and 50 °C, respectively. When exposed to 30 °C, only the measurements of the solar collector's 

instant efficiency change; these values are clearly visible in figures 12, 15, 18, 21, 24, and 27. 

Figure 5 shows the temperature distribution of a flat plate collector with a copper plate exposed to 30°C and a 

94.27°C first cover glass. the second cover glass temperature of 59.27 °C, and the copper plate temperature of 

169.7 °C. Figures 8 and 11 displays the same temperature distribution for solar collectors with plain carbon steel 

plates and aluminum alloy, and a temperature of 30 °C, respectively. When the solar collector is exposed to a 

high temperature of 40 °C, as shown in figures 14, 17, and 20, the solar collector deteriorates. The collector 

temperature distribution for the first and second cover glasses is 102.6 and 69.25 degrees Celsius, respectively, 

and the temperature of carbon steel plate, aluminum alloy, and copper, is 177.8 degrees Celsius. When the 

incident temperature is raised to 50 degrees Celsius, The first cover glass produced a temperature of 111.6 

degrees Celsius, while the second cover glass produced a temperature of 79.9 degrees Celsius. Figures 23, 26, 
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and 29 show that the highest temperature observed on the copper, aluminum alloy, and carbon steel plates is 

186.3 °C. 

Economic factor 

By considering use million flat plate solar collectors, the cost of one collector has 2 KW equal into 340$, so that 

the total cost of million collector equal to 340,000,000 $. Table. 8 show an economic comparison between flat 

plate solar collector and electric Convector. 

Table 8. Economic comparison 

Details Electric convector Flat plate solar collector 

Cost of buying 100.000,000 $ 340.000,000 $ 

Cost of operation 2.000,000,000 $ - 

Total cost expected for 

25 years 

2.100,000,000 $ 340.000,000 $ 

 

Figure 3. At 30°C, the efficiency of a collector for a copper plate is instantaneous. 

 

Figure 4. At 30°C, incident angle Modifier for copper plate. 
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Figure 5. A copper plate's temperature distribution at 30 °C 

 

Figure 6. At 30°C, the collector performance for aluminum alloy plates is instantaneous. 

 

Figure 7. Ingle Modifier Incident for Aluminum flat Plate at Temperature 30 °C 
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Figure 8. At 30 °C, an aluminum alloy plate's temperature distribution 

 

Figure 9. Simple carbon steel plate collector output is instantaneous at 30°C 

 

Figure 10. Plain carbon steel plate with Incident Ingle Modifier at Temperature 30°C 
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Figure 11. Distribution of Temperature for Plain plate of carbon steel at Temperature 30 °C 

 

Figure 12. Copper plate collector's instantaneous efficiency at Temperature 40 °C 

 

Figure 13. Ingle Modifier Incident of Copper flat Plate at Temperature 40 °C 
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Figure 14. At 40 degrees Celsius, shows the temperature distribution of a copper plate 

 

Figure 15. Instantaneous performance of collector for Aluminum flat plate at Temperature 40 °C 

 

Figure 16. Ingle Modifier Incident for Aluminum plate at Temperature 40 °C 
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Figure 17. Distribution of Temperature for Aluminum flat plate at Temperature 40 °C 

 

Figure 18. The collector's instantaneous performance for plain plate of carbon steel at Temperature 40 °C. 

 

Figure 19. Plain carbon steel plate with Incident Ingle Modifier at Temperature 40 °C 
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Figure 20. Distribution of Temperature for Plain plate of carbon steel at Temperature 40 °C 

 

Figure 21. Instantaneous performance of collector for Copper flat plate at Temperature 50 °C 

 

Figure 22. Ingle Modifier Incident of Copper Plate at Temperature 50 °C 
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Figure 23. Distribution of Temperature for Copper flat plate at Temperature 50 °C 

 

Figure 24. Collector Instantaneous performance for Aluminum plate at Temperature 50 °C 

 

Figure 25. Ingle Modifier Incident for Aluminum flat plate at Temperature 50 °C 
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Figure 26. Distribution of Temperature for Aluminum flat plate at Temperature 50 °C 

 

Figure 27. Collector Instantaneous performance for Plain plate carbon steel at Temperature 50 °C 

 

Figure 28. Ingle Modifier Incident for Plain carbon steel flat plate at Temperature 50 °C 
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Figure 29. Plain carbon steel plate temperature distribution at 50 °C 

CONCLUSIONS 

The incident temperature and form of plate materials have a significant impact on the instantaneous performance 

of flat plate solar collectors. With a shift in T/GT, however, The instantaneous production ranges from 0.6 to 

0.25 for all different exposure temperatures and plate material kinds. When it comes to copper foil, the 

instantaneous efficiency between design and experimental was found to be very close, although there was a 

slight yet important difference in carbon steel plate and aluminum alloy, respectively. In this case, the same 

temperatures develop in the plate for all types of materials at different exposure temperatures. According to the 

economic comparison, the expense of buying, installing, over a 25-year period, the cost of operating a flat plate 

solar collector is less than that of an electric convector. 
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